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Plan of talk

1. The India based Neutrino Observatory project

2. Physics reach of Iron Calorimeter detector 

3. ICAL magnet, RPCs, Electronics



Physics Goals of Iron Calorimeter detector

Ø Measure atmospheric νµ , νµ [resolution of 
anomaly by SK in 1998; Physics Nobel 2015] 

Ø Address ν-mass hierarchy (normal or inverted) ⇒
whether m3 greater or smaller than m1, m2

ØTogether with accelerator based experiments 
search for  CP-violation (matter-antimatter 
asymmetry!)

1. INO : Underground lab for ν physics, searches 

for dark matter, 0ν2β decay



Other experimental possibilities at INO

ØNeutrinos = Anti-neutrinos? (Dirac vs Majorana)  

Search for 0ν2β decay in 124Sn – TINTIN (TIFR-

BARC-IIT(R)-Lucknow)

Ø Search for Dark Matter particles   

DINO – cryogenic Si bolometer (SINP-Texas)

Ø Nuclear astrophysics (reactions @ EGamow) 

Low energy high current accelerator    

(Universities working on proposal)



INO site at BodiHills

50Kton ICAL neutrino Detector

INO at Pottipuram (Theni)





IICHEP (Madurai) & INO (Pottipuram)

Compound wall at IICHEP site (12 ha) Compound wall (E) at IICHEP site

Water storage tank at INO siteCompound wall at INO site (27 ha)



2. Physics reach of Iron Calorimeter detector 
ICAL will measure atmospheric muon neutrinos
Energy range: 1 GeV ≤ Eν ≤ 20 GeV

Azimuthal angle: 0° ≤ θ ν ≤ 70°, 110° ≤ θ ν ≤ 180°

Ø Precise measurement of neutrino oscillation parameters
Ø Neutrino mass hierarchy – normal or inverted

Ø Octant ambiguity

Ø VHE muons

Ø Magnetic monopole search, light DM decay…



Mass hierarchy of neutrinos – sensitivity of ICAL
Ø m1 < m2 < m3 (NH) or m3 < m1 < m2 (IH) ?
Ø ICAL can identify mass hierarchy using atmospheric νµ , νµ

Ø With accelerator based expts. can probe CP violation in ν-sector

ICAL only

ICAL + T2K 
+ NovA



Sensitivity of ICAL for sin2 θ23 - Δm23
2 plane



Searching for exotic particles using ICAL…

Primordial Magnetic Monopoles

ICAL 
only

ICAL++



Searching for dark matter (DM) decay to muon pair

Anomalous events seen at KGF (5 ∼1964-1975,  3 ∼ 1980-1990) –

could arise from decay of light DM (Murthy, Rajasekaran 2014)?

ΦDM → µ+µ− MDM ∼ 1 − 50 GeV/c2 ICAL+ sensitivity explored

However if ΦDM → νµ+ νµ lower bounds on DM lifetime from 

existing neutrino detectors much higher (Signal∝ ∫ (4πρDMr2/r2) dV



INO-ICAL Detector
Parameter ICAL ICAL-Engineering module
No. of  modules 3 1

Module dimensions 16.2m × 16m × 14.5m 8m × 8m × 2m

Detector dimensions 49m × 16m × 14.5m 8m × 8m × 2m

No. of  layers 150 20

Iron plate thickness 56mm 56mm

Gap for RPC trays 40mm 40mm

Magnetic field 1.3Tesla 1.3Tesla

RPC dimensions 1950mm × 1910mm × 30mm 1950mm × 1910mm × 30mm

Readout strip pitch 30mm 30mm

No. of  RPCs/Road/Layer 8 4

No. of  Roads/Layer/Module 8 4

No. of  RPC units/Layer 192 16

No. of  RPC units 28,800 (107,266m2) 320 (1,192m2)

No. of readout strips 3,686,400 40,960

3. ICAL Magnet, Glass RPCs, Electronics



Schematic of Iron Calorimeter

B-field for 60 kA-turns, typical low C steelGlass RPC for detecting charged particles
∼30,000 RPCs required, ∼ 3.8 M channels

Signal pickup X
Y

3 modules × 17 kton
Each with 150 layers Fe+RPC
B-field > 1 Tesla (90%)

51 kt world’s largest electromagnet



Engg. Module of ICAL at IICHEP (20 layers × 8m × 8m)



Making glass RPCs at TIFR…

10 cm × 30 cm
30 cm × 30 cm

100 cm × 100 cm

200 cm × 200 cm

Started with                 
10 cm × 30 cm Glass 
RPC in Streamer mode

Now with 200 cm × 200 cm Glass RPC in Avalanche  mode



A Prototype Magnet & RPC setup

500AT : ~1.5 Tesla

• 35 Ton prototype with 12 gaps to house 1m × 1m RPCs 
• Long term operational experience 
• Operate both glass & bakelite RPCs 
• Reconstructed muon track with & without magnetic fields. 
• Stability & suitability of LV, HV & electronics. 
• Lab environmental condition.
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Prototype RPC Stack at TIFR
Operational since last six years 

Now this system is used for developing/testing of ICAL electronics
Understood all aspects of  RPC Gas gap and its signal, resolution, alignment/offset 

These 12 layer of 2m×2m RPCs
are also operational for one year



19

Running Prototype RPC Stack at TIFR

θθ
nII cos0=

General muon 
flux distribution

n=2.15 ± 0.01
I0 = (6.217 ± 0.005)×10-3

cm-2 s-1 str-1

Distinction of up/down Muon

Zenith angle of muon, 
measurement of cosmic muon flux 
as well as it angular dependency

Mis-
identification

Inefficiency due to button, dead 
strip, but edge effect also present

Multiplicity 
and position

Input to detector simulation and digitisation



ICAL engg. module at IICHEP, Madurai

Features Details

Magnet size (meter) 8 x 8 x 2.1

Magnet weight ~ 600 ton

Iron plate size (meter) 4 x 2 x 0.056(tk)

No of iron plate 
layers/plates  

21/168

No of RPC layers/ total 
RPC

20/320

No of iron plates  in a layer 8

Slot length for each coil 1700 mm

No of coils /turns per coil 2/38

Ampere turns/ coil current 38000/500

RPC handling  trolley One side of 
ICAL magnet



Motor

Worm  gear
EM  clutch Bevel  gear

Over  hanged  liner  drive  

Automation of insertion & removal of RPC detector 
in ICAL magnet

ØAutomatic detection of RPC tray by sensors
ØElectrically driven RPC tray push/pull system
ØOverloading/ jamming alarm and automatic trip system by sensors
ØLaser based alignment of RPC tray with magnet gap layer.



Simulation of Engg. Module of ICAL magnet

• Uniformity of field
– For 1 T – 90.03%
– For 1.2 T - 84.17 % 

• Inductance of magnet = 1.08 henry
• Maximum force = 97.1 KN (attracting)

Magnetic  forces  in  X-Y  direction  in  
KN  



Effect of assembly tolerances & misalignment on the 
magnetic field uniformity 

Ø Misalignment between the plates in a layer limited to 3mm
(absolute)

Ø 16 types of misalignment combinations resulted in B-field field >
1Tesla coverage variation from 89% to 91%

Gaps  due  to  tolerances Magnetic  field:  
tolerance    



Soft Iron Plates for IICHEP, Madurai
• Procurement of soft iron plates for IICHEP has been completed.
• Total 168 (for 21 layers) soft iron plates has been procured.

Soft  iron  plate   Packed  soft  iron  plate  at  M/S  ESSAR,  Hazira
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Eight  soft  iron  plates  transported  
by  32  ton  trailer  in  a  single  trip



Spacers & Locating Pin
A:  250  × 40  × 45  (tk)  mm3

Qty.  4
B:  500  × 40  × 45  (tk)  mm3

Qty.  4

C:  502  × 40  × 45  (tk)  mm3

Qty.  2

D:  250  × 80  × 45  (tk)  mm
Qty.  6

E:  500  × 80  × 45  (tk)  mm3

Qty.  6

F:  502  × 80  × 45  (tk)  mm3

Qty.  1

G:  502  × 80  × 95  (tk)  mm3

Qty.  2



Parameters Prototype  

Weight 19  ton
Size 6.5  m  x  3m  x  12.5  m  
Rail A75

Horizontal  travel 13.5  m
Vertical  travel 8  m
Vertical  speed 4  m/min  max

Horizontal  speed 4  m/min max

RPC  shelf
(Electrically operated)

Stroke length              
750  mm

Shelf  speed 92  mm/min  max

Modular type lift support structure to suit
height of revised prototype ICAL magnet

RPC handling trolley for engg. module

Fabrication, assembly & functionality
testing of RPC handling trolley. Delivered
at IICHEP Madurai in April 2016
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Close loop gas recirculation and purification system 

•Gas Mixing  (On-line)
•Gas Recirculation 
•Gas Purification system
•Control System (PLC)

RPC stack (this 
part is outside the 
gas unit cabinet)
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Non-return valve

1 vol. change/day       1 vol. loss/70 days
Automated pressure control, 1-3mbar above atm



Electronics system for ICAL

• Front-end board

• RPCDAQ board

• Segment Trigger Module

• Global Trigger Module

• Global Trigger Driver

• Tier1  Network Switch

• Tier2  Network Switch

• DAQ Server

• VLSI, FPGA and ASIC 
chips; high density 
connectors

Major elements



ICAL Trigger Scheme

Segment1

Segment2

Segment3

• Trigger criteria based on 
event topology alone.

• Distributed and hierarchical 
architecture.

• Detector module segmented to 
generate local trigger.

• Combination of local triggers 
produces global trigger.

• Global trigger latches event 
data.



Detector simulation  and event reconstruction
GENIE : modified 
3D neutrino flux,
Weighted evt

GEANT

Neutrino Event Generation
νa+ X -> A + B + ...

Generates particles that result from a random 
interaction of a neutrino with matter using  

theoretical models .

Output:
i)  Reaction Channel

ii) Vertex Information
iii) Energy & Momentum of all 

Particles

Event Simulation
A + B + ... through RPCs + Mag.Field

Simulate propagation of particles through the detector 
(RPCs + Magnetic Field)

Output:
i)  x,y,z,t of the particles at their 

interaction point in detector
ii) Energy deposited

iii) Momentum information

Event Digitisation
(x,y,z,t) of A + B + ... + noise + detector efficiency

+ time resolution from operational RPC in 
Mumbai

Output:
i)  Digitised output of the previous stage 

(simulation)

Event Reconstruction
(E,p) of ν + X = (E,p) of A + B + ...

Fit the tracks of A + B + ... to get their energy and
momentum.

Output:
i)  Energy & Momentum of the 

initial neutrino



ICAL response to muons

• Fully contained event has better momentum resolution (upto 6% from pathlenght) 

Reconstruction 
efficiency

Charged 
identification 
efficiency

Momentum
Resolution

Resolution of 
zenith angle



ICAL detector performance : pions

• Momentum resolution is worse in neutral energy, which is 
expected.

• Neutrino physics analysis was done using only information of 
muon as well as combined information of muon and other neutral 
particles.

Reconstruction 
efficiency

Charged 
identification 
efficiencyNon-linearity in response

Resolution 
µν EEEhad −=/



Precision of neutrino mass matrix 

• Hierarchy sensitivity of ICAL excludes the wrong-hierarchy minimum for the CPV discovery
• ICAL will play an important role to determine these parameter more precisely 

Mass hierarchy sensitivity CPV discovery potential



INO experimental hall
Tunnel : 2.1km of D-
Shaped 7.5m wide and 
7.5m high



Under ground  Lab : a Closer Look

35
Tunnel 
End Side

Module 1

Module 2

Module 3

Electronics 
Racks



Current status

Ø Financial approval by Centre (12/2014) for Rs. 1583 cr. ( ∼240M$)

Ø Awaiting permission from TN Govt for starting construction at 

IICHEP and PCB (TN) clearance for INO

Ø Prototype magnet: 600 tons of low carbon steel, OFHC copper 

conductor spools (∼9.6 tons) stored at Kalpakkam, 400 glass RPCs 

ordered from St. Gobain

Ø 8m high RPC handling trolley trolley delivered

Ø Consultancy contract for tunnel, cavern, infrastructure on hold 

Ø 12 layer stack of 2m × 2m glass RPCs working at Madurai

Ø Running 8th batch if INO Graduate School



Thank you



Extras



Octant of θ23

• Identify the correct octant for lower value of 
𝒔𝒊𝒏𝟐𝜽𝟐𝟑



INO in 13 August 2015 issue of Nature


